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ABSTRACT
The purpose of this study was to determine the reliability of a 
dimensional rating of perceived exertion scale (D-RPE) for young children 
while exercising. Sixteen boys and girls (ages 6-8 years) peiformed two 
incremental walking tests on a motorized treadmill. Each subject walked at 
3.2 miles per hour until the subject was fatigued or voluntarily stopped the 
test. The intensity was increased by increasing the treadmill incline 2.5% 
every two minutes. Heart rate (HR) was monitored at each two minute 
interval by a heart rate monitor worn across the chest. Either a mouthpiece or 
oxygen face mask was used to collect and analyze expired gases by a 
Sensormedics V-29 metabolic cart. A poster of the D-RPE using circles of 
increasing size was presented to each subject at the end of each two-minute 
interval and the subject pointed to the circle they felt corresponded to their 
exercise effort level. Two identical exercise sessions were administered on 
different days to test reliability. The results indicated that the treadmill protocol 
used yielded valid and reproducible measures of HR, VOo, VCO2 and VeTPS. 
HR increased linearly with a % grade and reached maximal values in stages 
5 through 9 for most subjects. D-RPE followed a similar pattern but the D- 
RPE response appeared to be curvilinear. This may have been due to a
ix
statistical mortality rate at the upper stages of exercise. The D-RPE scale 
utilized in this investigation appeared to be a valid, reliable and reproducible 




For both children and adults, physical fitness is achieved 
through participation in regular, vigorous physical activity. Fitness 
benefits are gained through a combination of frequency, duration, and 
intensity of exercise. Exercise intensity has been the most difficult to 
monitor without instrumentation, especially for children. Most 
elementary school physical education teachers have had trouble 
communicating to the children a particular desired exercise intensity, 
and have discovered children are unable to regulate their efforts with 
any reliability (Williams, Eston, & Stretch, 1991).
Exercise effort can be monitored using perception. According to 
Lamb (1996), the stage of development of effort perception is likely to 
have a direct bearing on the ability of children to regulate exercise 
successfully. Perceptual cues serve as the primary information source 
in physical performance. These cues enable individuals to regulate 
work intensity at a pace compatible with specific goals on the 
requirements of the activity (Borg & Noble, 1974). Sensations such as 
shortness of breath, heart palpation’s, fatigue, and other general feeling
l
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of exertion serve as “feedback” cues for individuals engaged in exercise 
and sport.
Subjective symptoms, which patients describe themselves, are 
used to identify a clinical syndrome in a medical diagnosis. Subjective 
symptoms associated with physical work can also be studied in this 
manner. As with objective (physiological) responses obtained from an 
exercise test on a treadmill or cycle ergometer, measurements of the 
subjects perceived degree of exertion can also be obtained.
In 1962, Borg suggested the relevance of psychophysical 
principles to the rating of perceived exertion (Bar-Or & Ward, 1989). Borg 
developed a perceived exertion scale based on numbered ratings (6-20) 
and words. The increased number is associated with an increase in the 
heart rate, thus representing an increase in the intensity level of exercise. 
This scale was originally developed from studies of men wherein levels of 
9, 13, and 17 would correspond to approximate heart rates of 90, 130, and 
170 beats per minute respectively. Studies hav*. shown that children tend 
to underestimate exercise intensity compared to adults, and thereby 
children do not exhibit the kind of perceived effort/heart rate ratio (1:10) 
(Lamb, 1995). This scale also uses terms such as very somewhat 
light, hard, and extremely hard, which may La difficult for young children to 
comprehend. Young children may also be unable to distinguish between 
such terms. Williams, Eston, and Furlong (1994) devised a perceived
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exertion scale for young children called the Children's Effort Rating Table 
(CERT). Their scale used a 1-10 number system and changed the word 
light to easy, and added phrases such as “just feeling a strain”, “starting to 
get hard", and “getting quite hard.” A rating of 10 coincided with the 
phrase “so hard I’m going to stop.” This scale was devised for children, 
ages 9-10; however, it does not consider children younger than nine years 
old.
Regular physical activity is important in preventing certain diseases 
such as coronary artery disease (CAD), heart disease and diabetes 
mellitus. Evidence has linked origins of CAD to childhood years. As many 
as 40% of children ages 5-8 years show at least one heart disease risk 
factor (high cholesterol, physical inactivity, obesity, or high blood pressure) 
(Robergs & Roberts, 1997). Regular physicai activity stimulates bone 
mineralization, which is obviously important for growth and development in 
children. Physically active children tend to become physically active 
adults. Therefore, when physically active children become physically 
active adults, it may help prevent or reduce the risk for certain diseases 
later in life.
Studies have reported that children do not spend enough time in 
moderate to vigorous physical activity (MVPA) during the day (Pangrazi, 
Corbin, & Weik, 1996). It is recommend that children accumulate 60 
minutes of physical activity almost every day (Pangrazi, et al., 1996).
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Studies have shown that most children do not meet this standard. The 
results of a 1995 study on the level and tempo of children’s physical 
activities (Bailey, Olson, Pepper, Porszasz, Barstow, & Cooper, 1995) 
suggest that children spend most of their time engaged in activities of low 
intensity. It has also been reported that over 75% of the day was spent at 
heart rates less than 120 beats per minute (bpm) and less than 3% of the 
day was spent at heart rates >160 bpm of children 6-7 years old (Gilliam, 
Freesdson, Geenan, & Shaharay, 1981). These results indicate that not 
enough time is spent in moderate to vigorous activity. Similar results were 
found in a study of 3-5 year olds. Sixty eight percent of children’s days 
were spent at heart rates less than 121 bpm and less that approximately 
2% of the time was spent at heart rates in excess of 160 bpm (Freedson, 
Evenson, Hamill, & Washburn, 1988).
When children are first starting grade school, and are beginning to 
participate in physical education, it is essential to instill in them the 
importance of physical activity. It is also important to teach them what 
moderate to vigorous activity is and how to monitor their activity level or 
the intensity of their exercise. At this age (5-7 years), children are just 
learning to read and would have difficulty comprehending the meaning of 
the words used in the RPE or CERT scale previously mentioned. Children 
may have difficulty with the numbering and wording of the RPE or CERT 
scale, however, they have the ability to distinguish between shapes of
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various sizes. Given shapes of different sizes, they know that one is 
larger or smaller that the other (Beck, 1994).
Past research has focused on how children manage perceptual 
continua, such as vision, touch, size, position and orientation (e.g., Brant, 
1974), but no research to date has considered children’s perceptions of 
exercise effort using such perceptual continua. Therefore, the problem of 
this study is to determine the re'iability of a dimensional scale for 
determination of subjective ratings of perceived exertion in very young 
children during treadmill exercise.
Purpose of the Study
The purpose of this study is to measure subjective ratings of 
perceived exertion, heart rates and respiratory gas exchange in very 
young children during treadmill exercise on two separate occasions. 
Significance of the Study
The significance of this study is twofold: 1) no other study has used 
children of this particular age group and 2) no other study has used a 
dimensional scale to rate exercise intensity.
Hypotheses
I. There will be no significant difference in heart rates 
between the first and second treadmill exercise tests.
II. There will be no significant difference in rating of 
perceived exertion between the first and second exercise tests.
6
III. There will be no significant difference in respiratory gas
exchange measures between the first and second exercise tests.
IV, There will be a significant correlation between heart rates
and ratings of perceived exertion during each stage of exercise.
Definition of Terms
For the purpose of this study, the following definitions were used:
Carbon Dioxide production (VCCM: amount of C02 produced by 
the body and expired by the lungs in one minute.
Cardiac output: the amount of blood pumped out of the heart per 
minute. It is determined by the heart rate multiplied by the stroke volume.
Heart rate: The number of times the heart beats per minute.
High intensity exercise: exercise in excess of 80% of V 02max.
Intensity: the load effect on the cardiovascular system required to 
induce a training effect (based on V02, heart rate or ratings of perceived 
exertion).
Low intensity exercise: exercise that is measured by a V02max of 
less than 80%.
Minute ventilation (VfBTPS): amount of air breathed in and out in 
one minute at body temperature, ambiant pressure and saturated with 
water vapor.
Oxygen consumption (VO?): amount of oxgen comsumed by the
body in one minute.
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Ratings of perceived exertion: a method to determine the intensity 
of effort, stress or discomfort that is felt during exercise.
Stroke volume: amount of blood pumped by the heart with each 
heart beat.
Submaximal exercise: exercise in which the individual gradually 
increases the level of exercises until he/she reaches 75-80% of age- 
predicted max HR.
VO? max: the maximal amount of oxygen uptake and best 
measurement of one’s cardiorespiratory fitness.
Limitations
Limiting factors affecting this study were:
1. A small number of subjects were used.
2. The subject’s ability to withstand stages of higher intensity 
exercise varied.
3. Some subjects had difficulty becoming accustomed to walking 
on the motorized treadmill.
CHAPTER II
REVIEW OF LITERATURE
There has been numerous studies performed using the Borg scale 
of perceived exertion for both prescription and regulation of exercise. 
There have been several studies using different populations, different 
modes of exercise and different age groups. Included in this review are 
studies with children using both the Borg RPE scale and the Children’s 
Effort Rating Table (CERT). Several studies have also compared children 
with adults and how they perceive exercise in different manners. Also 
included in this review is research on the physiology of children and how it 
compares with adults, both at rest and during exercise.
Physiology of children
There are major differences between children and adults with 
respect to physiological responses and adaptations after exercise. A 
typical resting heart rate in young children is about 85-95 beats per minute 
(Brooks, Fahey & White, 1996). The resting heart rate decrease with age 
due to the increase in stroke volume, which is due entirely to increased left 
ventricular size with age (Brooks et al., 1996). Children also have a 
greater maximum heart rate. It is not uncommon to have young children
8
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achieve heart rates of 205-210 beats per minute during exercise.
Both maximal stroke volume and cardiac output are lower in children 
(Robergs & Roberts, 1997; Diament, Nudel, & Gootman, N., 1989). Children 
typically have a marked lower stroke volume relative to body size than do adults 
at all levels of exercise (Rowland, 1993). This lower stroke volume, however, is 
compensated for by the higher heart rates at a given exercise level. Stroke 
volume at age 5 is about 25 ml. and increases to about 85 ml at age 15 years 
(Brooks et al., 1996). The compensation of a higher heart rate is not complete, 
however, so children typically have a lower cardiac output than adults at a given 
VO2. Maximum cardiac output also increases during growth, advancing from 
around 12 liters per minute at age 10 to 21 liters per minute at age 20 in boys 
and in girls from 10.5 liters per minute at age 10 to 20 liters per minute at age 20 
(Brooks et al, 1996).
Robergs & Roberts (1997) indicate that cardiovascular differences in 
children when compared *o adults include a lower maximal cardiac output, a 
lower stroke volume at a given VO2, a higher maximal h°art rate (HR) and a 
higher heart rate at submaximal work at a given power output and at a relative 
metabolic load. These differences have implications for exercise prescription for 
children. For example, a child’s immature cardiovascular system has limitations 
in bringing internal heat to the body’s surface for dissipation when exercising 
intensely in the heat in comparison to an adult. Also the higher heart rate in 
children during exercise partially compensates for the lower stroke volume.
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Children also have a greater fatigability in prolonged high-intensity tasks. 
Considering these differences, children should not be expected to exercise in the 
same manner as adults, nor should it be expected that they regulate exercise 
effort in the same way.
Diament et al. (1989) examined maturational differences in the response 
to exercise and suggested changes in maximal oxygen uptake. Maximal aerobic 
power, measured as VO2 max, varies with age and sex. In boys, VO2 max 
showed a continuous increase until age 18. In girls, VO2 max increased until age 
12-14 years. Oxygen consumption at submaximal exercise is also age- 
dependent. Younger children operate at a higher percent VO2 max compared to 
adolescents and adults. Both maximal and submaximal HR declines after 
puberty in both genders. At equal levels of exercise and percent VC2 max, HR of 
children was higher than adults (Diament et al. 1989). At all submaximal exercise 
levels, girls had a higher HR than boys. It was also found that the age-related 
differences in cardiovascular measures do not result in a significant impairment 
in exercise capacity.
Forsstrom, Antila, Mantymaa, Pihlakoski, and Valimaki, (1986) examined 
the influence of physical activity on heart rate variability (HRV) in children. HRV 
is the irregularity of the HR caused by the autonomic nervous control of the heart. 
The purpose of the Fosstrom et al. (1986) study was to determine if there were 
any differences in the HR control between physically trained and physically 
inactive children aged seven and older. They found that at lower heart rates, in
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the beginning stages of the test, the HR was very unstable, therefore, a linear 
increase in heart rate was difficult to achieve. At higher heart rates, the control 
was much more efficient and accurate and the increase in the HR was very dose 
to linear.
Perceived Exertion and Adults
The RPE scale was constricted to follow the physiologically linear increase 
of aerobic energy demands for increasing exercise intensity (Borg, 1998). It was 
constructed to follow HR for work on the bicycle ergometer for healthy middle- 
aged men and women performing moderate-to-hard work so that the HR should 
be about 10 times the RPE value.
Prescription and Regulation of Exercise
The perception of exertion has been studied in many investigations since 
the end of the 1950’s (Borg & Noble, 1974). The majority of these studies have 
been performed with adults. These studies have examined the various 
subjective variables involved in work performances and quantitative 
measurement of subjective symptoms such as exertion, fatigue, discomfort, pain, 
satisfaction, etc. The experiments on perceived exertion during work of short 
duration showed that reliable measurements could be obtained (Borg and Noble, 
1974). One of the early studies by Borg (1962) reported a high correlation 
between ratings of perceived exertion and absolute HR when the work intensity 
was varied from light to heavy work.
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As reported by Borg and Noble (1974), a study was performed by Borg in 
1972 in which subjects were instructed to rate their exertion as a percentage of 
their notion of maximum exertion (R%). A correlation of 0.31 was obtained for 
work at 600 kpm/min and 0.56 for 900 kpm/min. The corresponding correlation’s 
between HR’s and ratings according to the RPE scale were 0.65 and 0.68. An 
example of the Borg ratings of perceived exertion scale is displayed in Appendix 
A.
Since these initial studies by Borg, numerous studies have been 
conducted to test the validity and various uses of the RPE scale. Regulation of 
exercise intensity and exercise prescription are two applications of the RPE 
scale. In a study by Chow and Wilmore (1984), twenty-nine men participated to 
evaluate the effectiveness of using RPE in the prescription and regulation of 
exercise intensity. This study also compared the RPE method of regulating 
exercise intensity to the training heart rate (THR) method. The THR group 
(group 1) was trained to monitor their intensity level by the palpation technique 
and were to exercise within their THR range equivalent to 60% to 70% of their 
maximal oxygen uptake (V02max). The RPE group (group 2) was trained to 
maintain a prescribed level of exercise intensity solely by monitoring their RPE. 
Group 3 was to serve as a control group and was instructed to exercise as they 
would on their own. The study showed that the exercise intensity was 
maintained within the individualized THR ranges with 55.3% accuracy for group 1 
(THR), 48.5% for group 2 (RPE), and 24.5% for group 3 (no prescription). The
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48.5 % accuracy achieved by the RPE method can be considered quite good. 
These results suggest that the RPE method may be used separately or in 
conjunction with the THR method. Either of these methods was superior to the 
use of no formal intensity prescription. The advantage of the RPE method for 
monitoring exercise intensity and for exercise prescription is that it can be 
performed continuously, whereas with THR alone, an individual must stop to 
palpate HR or use elaborate monitoring equipment. Self-monitoring of pulse 
rates have also been shown to be variable (Glass, Knowlton, & Beque, 1992).
Glass et al. (1992) investigated the accuracy of the exercise intensity 
based upon perceptual responses during a graded exercise test. Graded 
exercise testing involves the gradual, progressive, and systematic administration 
of an exercise stimulus to assess exertional tolerance in clinical research and 
sport settings (Noble & Robertson, 1996). Ratings of perceived exertion are 
frequently used in addition standard physiological and clinical responses 
during graded exercise testing. Glass et al.
(1992) concluded that a subject's perceptual response to a graded exercise test 
can be used to accurately prescribe exercise intensity during level treadmill 
running. The intensity selected was within a typical range used for exercise 
prescription.
The majority of the research concerning an individual’s RPE response to 
graded exercise test has been based on using RPE for the reproduction of an 
exercise intensity based on a prior learning trial, rather than a graded exercise
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test. Smutok, Skrinar, and Pandolf (1980) paced subjects at various speeds and 
obtained RPE values at each speed. On two subsequent bouts, the subjects 
were asked to reproduce a velocity based on the RPE values given during the 
learning trials. Results showed that the use of RPE to reproduce exercise 
intensity was effective above heart rates of 150 bpm and speeds greater than 2.5 
m/s. Combining objective physiological measures with subjective psychological 
measures during a graded exercise test provides a powerful assessment of the 
strain imposed by the exercise and the capacity of the individual to tolerate that 
strain (Noble and Robertson, 1996).
Results from the Dishman, Patton, Smith, Weinberg, and Jackson (1987) 
study showed that the groups receiving HR plus RPE feedback, during a graded 
exercise test, were more accurate at achieving their target HR in subsequent 
exercise, than the groups receiving either HR only or no feedback. Others have 
also concluded that RPE is a valid tool for prescribing exercise intensity (e.g., 
Stoudemire, Wideman, Pass, McGinnes, Gaesser, & Weltman, 1996; Ueda & 
Kurokawa, 1995; Steed, Gaesser, & Weltman, 1994) and also an effective 
measure of exercise intensity (e.g., Dunbar, Robertson, Baun, Blandin, Metz, 
Burdett, & Goss, 1992; Dunbar, Goris, Michielli, & Kalinski, 1994; Mariotte &
Lamb, 1996; Ueda, & Kurokawa, 1995). Dishman (1994) reported that rating of 
perceived exertion is endorsed by the American College of Sports Medicine as a 
useful method for prescribing exercise and monitoring exercise intensity.
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Physiological Factors Associated with RPE
Several factors have been associated with RPE, including HR, VO2, 
minute ventilation, respiratory rate, lactate levels, propioceptive response and 
genera! leg muscle sensations (Chow & Wilmore, 1984). When using lactate 
threshold and/or blood lactate concentration as the intensity criterion, RPE is a 
physiologically valid tool for prescribing exercise (Steed et al., 1994). A strong 
relationship has been found to exist between RPE and blood lactate 
concentration (Hetzler, Seip, Boutcher, Pierce, Snead, & Weltman, 1991). 
Ventilatory lactate threshold have been associated with RPE of 13-15 
corresponding with subjective categories of “somewhat hard” to “hard” on Borg’s 
6-20 category scale (Dishman, 1994). It has been found (Casperson, 
Christianson, & Pollard, 1986; Pandolf, 1983; Robertson, 1982) that RPE is 
dominated during low intensity exercise by local factors; but as the exercise 
intensity increases, central factors including sensations associated with 
increasing blood lactate and hyperventilation play a more significant role.
Demello, Cureton, Boineau, and Singh (1987), investigated the effects of 
training and gender on ratings of perceived exertion at the lactate threshold. It 
was concluded that lactate threshold is an important physiological anchor point 
for perception of effort that is not affected by stage of training or gender. Trained 
and untrained men and women perceived the exercise intensity at lactate 
threshold as “somewhat hard” (RPE 13 to 14). During moderate-to-heavy
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exercise intensities, RPE is more closely linked to the metabolic and gas 
exchange alterations initiated at the lactate threshold than to %V02max utilized. 
Effect of Exercise Modality on RPE
Many studies have compared various modes of exercise and their effect 
on RPE. When comparing various modes of rhythmic exercise such as treadmill 
walking/jogging, cycle ergometer, rowing ergometer, Airddyne, stairstepper and 
cross country skiing simulator (Zeni, Hoffman, & Clifford, 1996), it was found that 
at given RPE values, the treadmill induced higher HR values compared with the 
cycle and rowing ergometers. The cycle ergometer induced lower HR values 
and lower blood-lactate concentrations for a given RPE when compared with the 
treadmill, Airdyne, stairstepper, and cross-country skiing simulator. A similar 
study comparing treadmill jogging, stationary, skiing, shuffle skiing, stepping, 
stationary cycling and stationary rowing (Thomas, Ziogas, Smith, Zhang, & 
Laonderee; 1995;) found that ratings of perceived exertion were significantly 
higher during cycling than during jogging. In comparing different levels of running 
at fixed blood lactate concentrations, Kolkorst, Mittelstadt & Doigener (1996) 
found that RPE and treadmill speed were higher during downhill running 
compared with level and uphill running. Treadmill speed and RPE were higher 
during level running than uphill running. However, when comparing cycle 
ergometer and treadmill, it was determined thatexercise modality did not effect 
the perception of exertion (Hetzler, et al., 1991). Others determined that RPE is a
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valid measure of exercise intensity during such modes of exercise as rowing 
(Mariotte, & Lamb, 1996) and swimming-(Ueda & Kurokawa. 1995).
Effect of fitness level on RPE
Travlos and Marisi (1996) investigated the influence of fitness level and 
gradually increased amounts of exercise on individuals’ ratings of perceived 
exertion. It was found that fit individuals perceived themselves under less 
exertion than did the groups low in fitness. Parfitt, Eston, and Connolly (1996) 
also examined the effect of activity level on RPE. Low-active individuals reported 
feeling significantly more “negative" at RPE 17 than RPE 9 and less “positive” 
than the high-active individuals at RPE’s 9, 13, and 17.
It has been reported that specialized training changes both the 
physiological as weil as the psychological response to exercise (Hassmen,
1990). When racing cyclists and marathon runners were compared to sedentary 
and all around trained individuals, a linear increase was found for both HR and 
perceived exertion for all four-groups (Hassmen, 1990). However, when HR and 
perceived exertion were plotted against each other, the non-speciaiized 
individuals had a higher HR of about 15-20 bpm while running than while cycling 
at the same subjective rating (RPE 15). When fitness level is taken into 
account, there is a stronger relationship between RPE and heart rate for the 
highly-fit individuals than for the less fit (Travlos & Marisi, 1996).
18
Perceived Exertion in Special Populations
The simplicity and practical value of the RPE scale has led to its variety of 
uses. It has been used in stress test applications, prescription of training 
intensity, occupational applications and also sport applications. The high 
correlation between HR and perceived exertion typically observed is not always 
as high in mixed groups of patients (Borg, & Noble, 1974). Since the rating of 
perceived exertion depends on many different kinds of body sensations, the kind 
of disease a patient has may strongly influence his/her rat'ng. Some patients get 
sensations of pain and discomfort, primarily in the legs, whereas others may 
have breathing difficulties or sensations of chest pain, which may affect their 
perception of effort. Patients with asthma tend to rely more on sensations of 
breathlessness tOi rate their effort level (Yorio, Dishman, Forbus, Cureton, & 
Graham, 1992).
Many laboratories in the country are using the Borg scale to monitor 
patients’ feelings of effort during graded exercise tests (Noble, 1982). The 
ratings patients give helps the tester monitor their intensity level. In addition to 
the simplicity of the Borg scale, the strong relationship between RPE and 
exercise intensity and the possible sensitivity of RPE for controlling exercise, has 
made iban attractive tool for clinical exercise programs. Most cardiac 
rehabilitation programs are currently using RPE for controlling and assessing 
exercise intensities of their patients. Kavanagh (1991) suggests relying more on
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perceived exertion and metabolic measurements for defining intensity of exercise 
rather than target heart rates for post-cardiac transplantation patients
Perception of exertion can be used to predict VO2 max and maximum HR. 
Perception alone can predict VO2 max with less error than by HR alone (Morgan 
& Borg, 1980; Noble Maresh, & Ritchey, 1981). Johnson and Prins (1991) 
developed a multiple regression equation utilizing submaximal ratings of 
perceived exertion and HR to predict maximal HR. They found that this equation 
significantly improved the ability to predict maximal HR. This application is 
important for patient population for whom maximal testing is impossible, as is the 
case with certain cardiac patients.
RPE can also be used to control exercise intensity in cardiac patients 
(Eston & Connolly, 1996). S.elf-selected intensities during training of coronary 
by-pass surgery and other cardiac patients resulted in RPE’s comparable to 
those in the graded exercise test at theeame rates (Gutmann, Squires, Pollock, 
Foster, & Anholm, 1981; Birk, Jeffrey, Birk, Theurer, & Johnson, 1985).
Therefore, the RPE’s from the graded exercise test will be similar to those safely 
and effectively prescribed to assign and adjust exercise during training for 
cardiac patients.
When RPE was plotted as a function of HR, (Smutok et a*. (1980), the 
same RPE during the third exercise test performed in the investigation was 
associated with a HR of 15 bpm higher than in the first test of the investigation, 
especially when HR was below 150 bpm. However, it should be noted that the
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discrepant results may be due to the memory retention limitations on the part of 
the patient rather than workload estimation difficulties (Birk, & Birk, 1987). A 
person will probably have greater success getting to a RPE of ‘13' during 
exercise rather than attempting to reproduce the ‘memory’ of a ‘13’ (Noble,
1982). Approximately 90% of the adult population should be able to have 
exercise intensity prescribed at least in part through RPE (Morgan, 1981).
Perceived exertion has also been studied using wheelchair-bound 
individuals (Ward, Bar-Or, Longmuir, & Smith, 1995), overweight youth (Ward 
and Bar-Or, 1995; Ward, Blimkie, & Bar-Or, 1986), obese adults (Jakicic, 
Donnelly, Pronk, Jawad, & Jacobsen, 1995), patients with chronic obstructive 
pulmonary disease (GOPD) (Ghida, Inase, Ichioka, Miyazato, & Marumo, 1991), 
pregnantwomen (O’neill, Cooper, Mills, Boyce, & Hunyor, 1992) and the elderly 
(VVenoa, Wallace, Surburg, Morris, 1996; Pollock, Graves, Swart, & Lowenthal, 
1994).
The purpose of the Ward et al. (1995) study was to determine if children 
and adults who use wheelchairs can accurately pace their wheeling using a 
prescribed intensity level from the Borg RPE scale. The data indicated that 
individuals who are in wheelchairs can discriminate among wheeling intensities 
prescribed for them by the Borg scale and that this ability improves with exercise 
training.
Exercise adherence has been proven to be a problem for various 
individuals, especially for obese children (Dishman, 1994). Obese children drop
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out of exercise programs which they perceive to be too strenuous (Epstein, 
Koeske, & Wing, 1984). Monitoring intensity of exercise during physical activity 
is necessary to make sure that the exercise is neither too hard, nor too easy. 
Ward and Bar-Or (1995) did a study to determine if overweight youth were able 
to produce exercise intensities prescribed to them using the RPE scale. The 
results demonstrated that 9-15-year old overweight children who learn the RPE 
concept during cycling: 1) can discriminate among exercise tasks prescribed to 
them as numbers on the Borg category scale; 2) overestimate their choice of all 
the prescribed walking/running intensities; 3) overestimate their choice of low 
intensities and underestimate their choice of high intensities on the cycle and; 4) 
use a narrower range of prescribed intensities than are available to them.
Another investigation (VVard et al., 1986) showed that obese children were*ah'- 
to rate their perceived intensity of exertion with ‘accuracy’, as determined by high 
HR vs. RPE correlation and high reliability. RPE can also be used to regulate 
and prescribe exercise intensity for obese adults. It was concluded that RPE can 
be used as a subjective marker of exercise intensity for the obese patient (Jakicic 
et al., 1995).
Perceived exertion has also been evaluated for the use for elderly 
individuals and for patients with GOPD. Ratings of perceived exertion have been 
found to be similar in the elderly as those found in younger individuals (Pollock et 
al. 1994). However, Wenos et al. (1996) suggested that older individuals (60+ 
years) should be given a range of exercise intensities as a perceptual marker in
22
order to reach a reliable rate of exertion. As for RPE for patients with COPD, it 
was concluded that RPE is a possible indicator of exercise when physicians 
prescribe exercise to patients with COPD.
When using the RPE scale for women during pregnancy, ratings of 
perceived exertion did not significantly correlate with exercise heart rates. The 
heart rate predicted from RPE significantly underestimated the exercise HR 
during walking, aerobics classes and circuit training in the middle stage of 
pregnancy and during cycling and aerobics classes in the late stage of 
pregnancy. These results suggest that exercise intensity should not be solely 
monitored with RPE during pregnancy.
Per ceived Exertion: Adults vs. Children
The chronological age of the individual appears to have varying effects on 
perceptual responsiveness (Noble & Roberston, 1996). Bar-Or (1977) observed 
that when comparing RPE’s at a given exercise HR, RPE is generally lower for 
younger (10-12) than for older (31-68) persons. Exercise at a given physiologic 
strain is perceived to be easier for children than for adults (Robergs & Roberts, 
1997). Studies have shown that children tend to rate exercise at a lower RPE 
number than adults (Ward, Jackman, & Galiano, 1991). Seventeen children (8- 
14 years) were compared to an adult group in their ability to administer 
prescriptive exercise using the RPE scale (Ward et. al, 1991). Results indicated 
that for pace-controlled cycling, children were similar to adults. However, adults 
were more accurate to the laboratory determined criteria than the children,
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especially when the cycle-based criterion was compared to the cycle and track 
tasks. Children couid only discriminate an RPE of 7 ’ from the other levels. 
Children also consistently tend to underestimate their intensity levels. In the self- 
paced walk/run, children were unable to discriminate among the four prescribed 
RPE levels with the same accuracy as the adults. Based on these results, they 
recommended that exercise prescription for children using self-monitored 
intensity be preceded by adequate practice.
Different results were found in a study examining the relationship between 
HR as ameasure of physiological strain and RPE in children (mean age = 11 
years) and adults (mean age = 36 years) during submaximal cycle ergometry 
(Gilliach, Sallis, Buono, Patterson, & Nader, 1989). They found that children in 
this age group were as capable as adults of expressing RPE. They also 
concluded that RPE is useful for tracking changes in exercise intensity within a 
session, but that absolute^levels of perceived exertion are not related to indices 
of physiological strain. They stated that using an RPE rating times ten as an 
estimate of HR may be misleading. However, they did find a general linear 
relationship between HR and RPE, but at any given RPE value, there was a wide 
range of HR such that the prediction of HR from RPE is very inaccurate. Eakin, 
Finta, Serwer, & Beekman (1992) also determined that their subjects (children 
with and without various cardiac defects) were able to quantify exercise intensity 
and that perceived exertion can be used to predetermine the level of exercise 
intensity and in defining appropriate exercise programs.
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Mahon and Ray (1995) examined RPE in children (mean age 10.3 years) 
at maximal exercise performing various graded exercise tests on a treadmill 
(walking, running and a combination walk and run protocol). The RPE at 
maximal exercise was significantly greater in the walking trial compared to the 
running and combination protocols. They suggested that children may find this 
type of exercise test more demanding than a running protocol.
Williams, Eston and Stretch (1991) found that older children and 
adolescents (ages 11-14 years) were able to use the Borg scale in two ways: 1) 
as a frame of reference for eliciting a particular level of effort, and 2) to rate their 
intensity level during exercise. They assessed the ability of school children to 
use RPE as a frame of reference for regulating intensity using the cycle 
ergometer. They concluded that these children were able to develop a concept 
of effort, comprehend the RPE scale and use it to regulate intensity at which they 
cycled: However, they did determine that a children’s version of the scale would 
be more meaningful and useful. They suggested that children and those who are 
unfamiliar with vigorous exercise may need some outside scaling or grading 
system early in the beginning to aid in the process of effort regulation.
Perceived Exertion in Children: The CERT scale 
There are possible age- and maturation-related differences in rating of 
exercise intensity (Bar-Or & Ward, 1989). In the Borg 6-20 numbered scale of 
perceived exertion, the ratio between RPE and HR is 1:10. Thus a rating of 16 
would correspond to a HR of 160 bpm. This ratio holds true for young adult and
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middle-aged people at various levels of fitness and body composition, as well as 
in various climatic conditions and modes of exercise (Bar-Or & Ward, 1989). 
However, it is questionable if this 1:10 ratio holds true for children. In a cross- 
sectional study 1,316 seven to sixty-eight year old males, Bar-Or (1977) 
discovered that at any given HR level, children rated their exercise intensity lower 
than adolescents who, in turn, rated it lower than adults. The RPE/HR ratio in 
10-year-old boys was only 0.7:10 and at age 13 it was 0.8:10 (Bar-Or, & Ward, 
1989).
Williams, Eston, and Furlong (1994) developed a children’s version of the 
Borg scale called the Children’s Effort Rating Table (CERT). Young people can 
be confused by both the wording of the verbal expressions and the unusual 
range of numbers on the scale (Williams, et. al, 1994). Research on the 
response to physical activities and.exercise by children as young as 4 years of 
age, suggested that the Borg scale does not compare with the cognitive 
development of children younger than around the age of 9-10 years of age and is 
out of step with physiological processes (Williams, Furiong, MacKintosh, & 
Hockley, 1993). On the basis of information provided by children, CERT was 
devised as a conceptual model consisting of words and phrases which the 
children would use. An example of the CERT scale is presented in Appendix B.
The words and phrases were placed at each point on a comprehensible 
numerical scale and corresponded to the range of HR values that might be 
observed in young children. The results of a short pilot study performed by the
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researchers indicated that their subjects (Grades 1 to 3) were generally unable to 
regulate their efforts accurately using this scale and suggested that part of the 
problem may be due to the unfamiliarity of the increasing required power output 
and the type of exercise.
A pilot study was performed to examine the validity of the CERT scale for 
controlling exercise in young children (Eston, Lamb, Bain, Williams, & Williams, 
1994). They used children (mean age = 9.9 years) performing three separate 
exercise tests on a cycle ergometer. They concluded that CERT is a valid 
indicator of physiological effort during cycle ergometry. High HR were well 
predicted by CERT values, however, the HR:CERT relationship was less 
accurate at a moderate or light intensities. The findings suggest that children’s 
perception of effort might be used to guide-the intensity of exercise during 
structured activity classes.
Lamb (1995) assessed and compared the validity of children’s effort 
ratings using the RPE scale and CERT. For both scales, data revealed 
significant correlation’s between perceived effort ratings and HR and perceived 
effort and absolute power outputs. However, correlation’s for CERT were 
consistently higher than for RPE. The results of their study indicate children’s 
reluctance to rate higher than 14 or 15 on the RPE scale, even though their 
corresponding HR’s were at 95% of age-predicted max. These results were in 
agreement with Bar-Or’s s (1977) study who, in a study of exercise at almost the 
same relative exercise intensity reported average peak RPE’s among 189 boys,
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ages 10-12 years of approximately 15.5. A possible cause of these findings is 
that children so young are unable to fully comprehend the RPE scale’s verbal 
expressions, it’s number series or both (Lamb. 1995). An unpublished study 
revealed that 78% of a class of 28 boys and girls, ages 9-10 years could not 
comprehend the phrases “no exertion at all” and maximal exertion as they 
appear on the RPE scale (Lamb, 1995). Lamb’s (1995) study revealed that ail 
the children were able to interpret the words used in the CERT.
Lamb (1996) conducted another study examining the reliability and validity 
of both the RPE scale and the CERT scale. He found that preadolescent 
children are able to use their perceptions of exercise effort to regulate the 
magnitude; of their exercise output during cycle ergometry. His findings are 
similar to those of Eston et al., (1994). With other modes of exercise (bench 
stepping, track walking or running), however, neither scale was found to be as 
successful in regulating,physiological responses. Children in the RPE group 
consistently exercised at lower HR and power outputs than in the CERT group. 
Phases such as extremely light (RPE S) and easy (CERT 3) do not have the 
same meaning and neither does the blank space between very hard and 
extremely hard (RPE 18) compared with very, very, hard (CERT 9). The children 
in this study displayed unreliability in all but the highest prescribed exercise 
levels.
As some of the research suggests, there is the need for a developmentaily 
appropriate system for children to rate perceived exertion, as well as research
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into the factors which influence the developmental process of effort regulation. 
An appropriate effort rating table could act as a catalyst in learning to interpret 




Subjects ir this investigation were 16 healthy children ages 6-8 years of 
age (mean=7.3 years). Mean height was 127.7 centimeters (cm) + 8.S and mean 
weight was 28.8 kg + 8.6. The children were recruited from the local elementary 
schools in Grand Fcrks, ND. Prior to participation, the parents/guardians signed 
a consent form explaining the protocol and giving permission for participation.
The parents/guardians were present during each exercise session. Prior to the 
exercise testing, the testing procedures were explained to each child and their 
parent(s). This study was approved by the
internal Review Board (IRB) at the University of North Dakota for the use of 
human subjects.
Protocol
Subjects were asked to come to the Human Performance Laboratory at 
the University of North Dakota for two exercise sessions with at least 24 hours 
between tests. Subjects were familiarized with the motorized treadmill (Model 
Desmo M, Woodway, Waukesha, Wl) and were introduced to the pace at which 
they would be exercising. Subjects underwent two submaximal exercise sessions 
on a treadmill of 10-20 minutes in duration. The subjects walked on a treadmill at 
3.2 miles per hour (5.12 km/hr) and the intensity was increased by elevating the
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treadmill 2.5% every two minutes (see Table 1). This protocol is a modified 
version of the Balke protocol, which is commonly used in pediatric research 
(Rowland, 1993). The Balke protocol involves constant treadmill speed with an 
increase in slope and is commonly used when evaluating individuals who have 
low to moderate levels of aerobic fitness (Roland, 1990; Rowland, 1993). 
Subjects were instructed to use the handrails for balance only and not to grasp 
the handrails too tightly. Subjects were also instructed to exercise as long as 
they could tolerate, however, the subjects or their parent(s) could voluntarily stop 
the test at any time.
Table 1. Treadmill Protocol
Stage Treadmill Speed Treadmill Speed % grade
(2 min) (mi/hr) (km/hr)
1 3.2 5.12 0
2 3.2 5.12 2.5
3 3.2 5.12 5.0
4 3.2 5.12 7.5
5 3.2 5.12 10.0
6 3.2 5.12 12.5
7 3.2 5.12 15.0
8 3.2 5.12 17.5
9 3.2 5.12 20.0
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Heart rate was monitored using a polar heart rate monitor (Polar USA Inc., 
Stanford CT) strapped across the subjects chest and was recorded at each two 
minute interval. Each child wore an oxygen mask or mouthpiece to collect 
expired gases. These gases were analyzed breath by breath by the 
SensorMedics metabolic cart (V-max-29, SensorMedics Corporation, Yorba 
Linda, CA) for oxygen consumption and carbon dioxide production, measuring 
the respiratory gas exchange. A poster of the dimensional scale (see Appendix 
C) was explained with the smallest circle corresponding to “easy” and getting 
“harder'’ as the circles increased in size. The dimensional scaie was presented 
to each child at each two minute interval and were asked to point to the circle 
that they feltaccurately corresponded to their effort level at that stage of 
exercise.
Oxygen consumption (VO2), carbon dioxide production (VCO2) and minute 
ventilation at body temperature and pressure saturated (VeBTPS) were obtained 
at each minute of the exercise test. HR and RPE from the dimensional scaie (D- 
RPE) values were obtained for each two-minute stage of the test.
Statistical Procedures
One way analysis of variance (ANOVA) for VO2, VC02, ventilation (VE)
HR and RPE was performed to determine reliability between the two exercise 
tests. Pearson product moment correlation was conducted to determine the 
relationship for HR and D-RPE within and between Test 1 and Test 2.
CHAPTER IV
RESULTS
This study was designed to determine test -  re-test reliability of a 
dimensional ratings of perceived exertion scale and its utilization when assessing 
levels of exertion in young children. A second objective was to determine 
statistical differences for respiratory gas exchange measures, specifically, 
oxygen consumption (VO2), carbon dioxide production (VCO2), and minute 
ventilation (VEBTPS), and also heart rate (HR), and ratings of perceived exertion 
using the dimensional scale (D-RPE) designed by Serge P. von.Duvillard, Ph.D.
Descriptive Statistics
The subjects in this investigation were 16 healthy boys and girls from 
Belmont Elementary School in Grand Forks, ND. Table 2 depicts the mean + 
standard deviation (m + SD) and ranges of the physical characteristics of the 16 
subjects.
The means and standard deviations (m +_SD) for VO2 are displayed in 
Figure 1. Figure 1 shows an increase in VO2 as a function of increased treadmill 
percent grade (incline). Figure 2, m + SD for VCO2 production, also shows an 
increase in VCO2 as a function of increased percent grade, similar to VO2. The 
m + SD for VeBTPS are displayed in Figure 3.
The plot of HR against stage (Figure 4), illustrates a linear increase in
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Table 2. Physical Characteristics of Participants. Values are mean + SD (N=16)
RANGE MEAN SD
AGE (yrs) 6-8 7.31 + 0.60
WT (kg) 19.1-50.0 28.8 + 8.60
HT (cm) 113.0-144.8 127.7 + 8.90
RHR(bpm) (T1) 77-110 94.8 + 7.24
RHR (bpm) (T2) 88-119 103.0 + 8.86
(note: Wl-weight; HT=height; RHR=resting heart rate; T1 -test T, T2= test 2)
heart rate throughout all stages of exercise for both Test 1 and Test 2.
D-RPE are shown in Figure 5. For Test 1, there is a steady linear 
increase of D-RPE for stages 1 through 6. After stage 6, a slight drop at stage 7 
is observed followed by a linear increase during stages 8 and 9. For Test 2, D- 
RPE increased during stages 1 through 5, decreased slightly during stages 6 and 
7 and increased again during stages 8 and S.
Statistical Analysis
One way analysis of variance (ANOVA) was conducted to determine if 
there existed any significant mean differences between variables of the first test 
and variables of the second test. Variables analyzed were VO2, VCO2, VeBTPS, 
HR and D-RPE. A Tukey post-hoc test was conducted for all pairwise 
comparisons for every combination of pairs. Listed in Tables 3, 5, 7, 9 and 11 
are difference of means values, q values (the number of means spanned in the 
comparison p) and N values comparing minute by minute of Test 1 and Test 2.
Time (min)
Figure 1. Oxygen uptake V02 (ml.kg'1.min'1) on a motorized treadmill 
for all subjects between Test 1 and Test 2 . Values are mean + SD (N = 16)
Time (min)
-1 -1
Values are mean + SD (N = 16)
Figure 2. Carbon dioxide VCO2 (mi.kg .min ) production on a motorized




-1Figure 3. Pulmonary ventilation V^BTPS (I. min ) on a motorized treadmill




Figure 4. Heart rate (bpm) resulting from the motorized treadmill
testing for all subjects between the Test 1 and Test 2.
Values are mean ± SD (N = 16)
0 1 2 3 4 5 6 7 8 9
Stages (2 min)
Figure 5. Ratings of perceived exertion D-RPE on motorized treadmill
for all subjects measured during Test 1 and Test 2. Values are mean + SD
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Listed in Tables 4,6,8,10 and 12 are the corresponding ANOVAs. As the 
exercise intensity increased, statistical power decreased due to the decrease in 
N value in the later stages of the exercise protocol.
1 0.23 0.13 16
2 2.46 1.39 16
3 3130 1.86 16
4 5,18 2.92 16
5 5.63 3,18 16
6 4.37 2.47 16
7 5.57 3.14 16
8 5.36 3.03 16
9 8:32 4.36 15
10 7.95 4*16 15
11 10.13“ 5.13 13
12 11.59* 587 13
13 13.76* 5.8b 10
14 13.97* 5.83 9
15 14:76* 5.79 7
16 15.02* 5.89 7
17 13:75 387 4
18 16170 4.70 4
“indicates significant difference
Table 4. One way analysis of variance (ANOVA) for V 02
Source of Variation DF SS MS F Ratio P
Between Groups 39 25318.30 649.19 12 87 <0:001
Residual 449 22649.52 50.44
Total 488 47967.82
“note: DF= Degrees of freedom, SS = sum of squares, MS = mean squares,
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Significant differences (P<0.G5) for V 02 were found for minutes 11 through 
16, indicating there was a difference in mean VO2 values for minutes 11 through 
16 between te s t 1 and Test 2. No significant difference was found for minutes 1 
through 10 and minutes 17 and 18 indicating similar VO2 uptake between Test 1 
and Test 2 for these comparisons.
Table 5. Carbon dioxide production (VCO2)________________________________
Minute Difference of Means q N
1 16
2 1.14 0.73 16
3 2.12 1.10 16
4 4.02 2.09 16
5 4.60 2.39 16
6 4.02 2.05 16
7 4.32 2.25 16
8 4.49 2.33 16
9 6.94 3.35 15
10 7.02 3.39 15
11 9.08 4.24 13
12 9.72 4.54 13
13 13.59* 5.39 10
14 12.86* 4.95 9
15 13.54* 4.89 7
16 13.58* 4.90 7
17 12.40 4.14 4
18 15.65 5.22 4
indicates significance
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Table 6. One way analysis of variance (ANOVA) for VCO2
Source o f Variation DF SS MS F Ratio P
Between Groups 39 20424.75 523.71 14.59 <0.001
Residual 446 16014.67 3591
Total 485 36439.42
*note: DF= Degrees of freedom, SS = sum of squares, MS = mean squares,
Results of VC02 (Table 5) were similar to VO2. Significant differences
(P<0.05) were found at the later stages of the test for minutes 13 through 16. 
There was no statistical difference between the.mean VCO2 values (P<0.05) at 
minutes 1 through 12 and minutes 17 and 18.
Table 7. Pulmonary Ventilation (VeBTPS)
- ' __r : ____ _'
Minute Difference of Mearis q N
1 1:83 0.94 16
2 1.31 0.67 16
3 2.39 1.23 16
4 4.50 2.32 16
5 4.86 2.51 16
6 4.20 2.17 16
7 4.71 2.39 16
8 6.28 3.23 16
9 6.10 2.92 15
10 6.18 2.96 15
11 8.28 383 13
12 8.59 3.97 13
13 9.77 3.94 10
14 9:46 3.61 9
15 11.66 4.18 7
16 10.94 3.92 7
17 9.63 2.49 4
18 13.93 3.60 4
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Table 8. One way analysis of variance (ANQVA) for VEBTPS
Source of Variation DF SS MS F Ratio P
Between Groups 35 13685.31 391.01 6.71 <0.001
Residual 437 25453.74 58.25
Total 472 39139.05
*note: DF= Degrees of freedom, SS = sum of squares, MS = mean squares,
No significant differences (P<0.05) for VEBTPS (Table 7) were found at 
any stage of the exercise test, indicating there were no differences between the 
mean V E BTPS values for Test 1 and Test 2.
Minute Difference of Means q N
2 121 0.49 16
A: 3.03 1.23 16
6 3.72 1.51 16
8 5.81 2.35 16
10 4.40 1.65 15
12 5.36 1.94 13
14 10:60 3.17 9
16 14.82 4.16 7
18 7.60 1.65 4
Table 10. One way analysis; of variance (ANQVA) for HR
Source o f Variation DF SS MS F Ratio P
Between <Groups 21 184405.70 8781.24 92.57 <0.001
Residual 231 21912.72 94.86
Total 252 206318.42
*note: DF- Degrees of freedom, SS = sum of squares, MS = mean squares,
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No significant differences (P<0.05) for HR (Table 9) were found between 
Test 1 nnd Test 2 at any stage.
Table 11. Dimensional Ratings of Perceived Exertion (D-RPE)
Minute Difference of Means q N
2 0.40 0.88 16
4 0.18 0.40 16
6 0.09 0.20 16
8 0.12 0.26 16
10 0.03 0.07 15
12 0.31 0.62 13
14 0.08 0.14 9
16 1.29 1.88 7
18 0.75 0.88 4
Table 12. One way analysis of variance (ANOVA) for D-RPE
Source of Variation DF SS MS F Ratio P
Between Groups 19 828.03 43.58 13.43 <0.01
Residual 201 652.04 3.24
Total 220 1480.07
*note: DF= Degrees of freedom, SS = sum of squares, MS -  mean squares,
No significant differences (P<0.05) for D-RPE (Table 11) were found at 
any stage of exercise between Test 1 and Test 2.
Pearson Product Moment Correlation was conducted to determine the 
relationship for HR and D-RPE within and between Test 1 and Test 2. The 
results are shown in Tables 13 through 16. Significance was set at P<0.05.
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Table 13. HR vs. D-RPE for Test 1
Stage Correlation Coefficient (r) P value N
1 -0.04 0.88 16
2 0.22 0.43 16
3 0.55 0.03* 16
4 0.57 0.03* 16
5 0.31 0.32 15
6 0.51 0.09 13
7 0.19 0.66 9
8 0.29 0.49 7
9 -0.28 0.75 4
•indicates significance
Table 14. HR vs. D-RPE for Test 2
Stage Correlation Coefficient (r) P value N
1 0.05 0.86 16
2 -0.30 0.26 16
3 -0.25 0.35 16
4 -0.26 0.32 16
5 -0.55 0.04* 15
6 -0.37 0.22 13
7 -0.17 0.66 9
8 -0.48 0.34 7
9” -0.45 0.45 4
•indicates significance
A significant correlation for HR and D-RPE was found at stage 3 and 4 for 
Test 1 (Table 13) and at stage 5 for Test 2 (Table 14). Figure 6 shows the 
relationship between HR and D-RPE at all stages of exercise. A linear 


















Figure 6. Relationship between D-RPE and HR (bpm) for all subjects 






HR showed a linear increase with stage, whereas D-RPE showed a curvilinear 
relationship.
Table 15. D-RPE for Test 1 vs. D-RPE for Test 2
Stage Correlation Coefficient (r) P value N
1 0.45. 0.09 16
2 0.53 0.04* 16
3 0.72 0.002* 16
4 0.59 0.02* 16
5 0.62 0.03* 15
6 0.55 0.06 13
7 -0.42 0.48 9
8 -0.21 0.79 7
9 0.00 1.00 4
•indicates significance
Significant correlations (P<0.05) for D-RPE between Test 1 and Test 2
were found at stages 2 through 5 (Table 15). No significant correlations were
found for D-RPE at stage 1 and stages 6 through 9 between Test 1 and Test 2
Table 16. Heart Rate (HR) for Test 1 vs. Heart rate (HR) for Test 2
Stage Correlation Coefficient (r) P value N
i 0.54 0.04* 16
2 0.49 0.06 16
3 0.26 0.35 16
4 0.15 0.59 16
5 -0.20 0.53 15
6 0.41 0.18 13
7 0.56 0.32 9
8 0.48 0.53 7
9 0.95 0.21 4
‘ indicates significance
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A significant correlation for HR between Test 1 and Test 2 was found at 
stage 1 (Table 16). No significant correlations were found for HR at stages 2 
through 9 between Test 1 and Test 2.
CHAPTER V
DISCUSSION
The purpose of this investigation was to determine if the dimensional scale 
for ratings of perceived exertion used in this investigation was valid in measuring 
effort perception in young children. Respiratory gas measures, specifically 
oxygen consumption (VO2), carbon dioxide production (CO2) and minute 
ventilation at body temperature and pressure saturated (VeBTPS) were analyzed 
to determine if the protocol used in this investigation was a valid measure of 
these variables.
In this investigation, there were increases in V 02, VC02 and VeBTPS with 
an increase in treadmill percent grade. It was concluded from these results that 
these measures are valid indicators of exercise intensity for this particular 
protocol. For VO2 and VCO2, significant differences between Test 1 and Test 2 
were found at the later stages of exercise. Significantly higher VC^and VC02 
values were obtained in Test 2 than in Test 1. A possible explanation for these 
differences may be that the children felt more comfortable during the second test 
and did not utilize the handrails on the treadmill. As reported by Rowland (1993), 
holding onto handrails during exercise significantly depresses rate or rise of HR 
and VO2. Rowland (1993) also reported ambiguous results regarding use of
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more accustomed to the motorized treadmill during the second test and handrails 
and that the effect of diminishing VO2 cost of treadmill exercise depends on how 
tightly subjects grasp the handrail. The children in this study were more 
accustomed to the motorized treadmill during Test 2 thus resulting in higher V 0 2, 
VCO2 and HR values. No significant differences were found for VeBTPS at any 
sage of the exercise tests suggesting test -  re-test reliability for VeBTPS.
The results also showed a linear increase in heart rate (HR) as exercise 
stage increases. HR is also a valid indicator of exercise intensity. HR measures 
increased linearly with an increase in % grade of the treadmill indicating that HR 
is a valid measure of exercise intensity. Significant correlation’s between HR’s 
were found only at stage 1. These results are similar to Ueda and Kurokawa 
(1991) in which they concluded that HR was a valid indicator of exercise intensity 
of children while swimming.
The results in this study showed a curvilinear relationship for ratings of 
perceived exertion on the dimensional scale (D-RPE). There were no significant 
differences found for D-RPE between Test 1 and Test 2. Significant correlation’s 
were foundTor mostof the early*stages of exercise (stages 2 through 5). The 
mean D-RPE’s tended to be slightly higher in Test 1 than in Test 2 for most 
stages (2, 3, and 6 through 9). This may be due to a learning effect in which the 
children felt more comfortable with the treadmill in Test 2. These results are 
similar to those reported by Mahon and Marsh (1992) in which they found the 
mean RPE to be significantly higher in Trial 1 than in Trial 2. They reported that
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“the leaver RPE in Trial 2 may have been due to a greater comfort and familiarity 
with the ;esting procedures.”
No significant correlation’s were found in the later stages of exercise 
(stages 6 through 9). One possible explanation for this is the decrease in 
number of subjects (N) after stage 6, therefore decreasing the statistical power at 
these later stages of exercise. For some subjects, a rating of #8 was obtained at 
stage 6, whereas for those subjects who completed the later stages of exercise, 
a rating of circle #8 was obtained at stage 8 or 9. Once a rating of circle #8 was 
obtained, an average of about 2 more stages were completed until voluntary 
fatigue. These results suggest the dimensional scale utilized in this investigation 
is a valid, reliable and reproducible measure of subject’s exertional levels.
Linear regression analysis for HR and D-RPE suggest a high correlation 
for HR and D-RPE between Test 1 and Test 2. Significant correlation’s between 
HR and D-RPE were found only at three stages of exercise for both tests (stages 
3 and 4 in Test 1 and stage 5 in Test 2). However, as shown in Figure 6, HR and 
D-RPE appear to increase at a similar rate as exercise stage increases. For 
most stages of exercise, as HR increased, D-RPE also increased. The results 
of this study are similar to those obtained by Hassmen (1990) in which the results 
showed a linear increase in both HR and RPE during exercise on a cycle 
ergometer and treadmill running for various groups of individuals. Thus children
tend to rate exercise effort similar to adults.
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Conclusions
From the data obtained in this investigation on young children (ages 6-8
years); the following conclusions;can be drawn:
1. The treadmill protocol consisting of 3,2 mph (5.12 km/hr.) with 
increasing grade of 2.5%, yielded valid and reproducible measures of 
maximal oxygen uptake.
2. The treadmill protocol chosen in this investigation also yielded 
corresponding respiratory;gas measures from rest to voluntary fatigue.
3. HR measures increased linearly with increased % grade and 
reached maximal values in stages 5 through 9 for most subjects.
reliable, and reproducible measure of young children’s exertional levels.
4. D-RPE followed similar patterns as HR The shape of the D-RPE
response appeared to be curvilinear, possible due to statistical mortality 
rate in the upper stages of exercise.
5. 'The dimensional scale utilized in this investigation appeared to be a valid,
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The 6-20 Rating of Perceived 
Exertion Scale (Lamb, 1995)
APPENDIX B
The Children’s, Effort-Rating Table (Lamb, 1995)
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R atings o f perce ived  exertion  (R PE ) a
children
Serge P. von Duvillard, Ph.D. (Project Director)
Director-Human Performance Laboratory 
Department of HPER 
University of North Dakota 
PO Box 8235 
8235
Grand Forks, ND 58202-8235 
Phone: (701) 777-4351
Parents/ Guardians of fifteen to twenty 5-7 year old children will be asked 
to allow their children to participate in this, study. As a potential participant in 
this study, my child will undergo an initial screening procedure addressing their 
medical history. I will be asked about my child’s family history and history of 
fainting spells. If there are no contraindications for exercise testing, a totai of 
two identical tests will be scheduled. The experimental sessions will consist of 
two submaximal oxygen uptake test on a motorized treadmill in the Human 
Performance Laboratory in the Department of HPER. Both tests will be identicaJ 
and will consist of either fast pace walking or slow jogging (what ever the child 
prefers) on a motorized treadmill. My child, will be introduced to all experimental 
equipment (treadmill, oxygen facemask, and Polar Heart Rate Monitor), and my 
child will have the opportunity to try out the treadmill, the oxygen facemask, and 
the Polar Heart Rate Monitor, before any testing. This will be explained 
individually when I and my child report to the Human Performance Laboratory at 
the University of North Dakota. Prior to participation in this study, I the 
parent/guardian will be required to fill out and sign a. consent form. All children 
will have their height and weight assessed at the beginning of the study using a 
standard metric scale for weight and height measurement.
The exercise session will last approximately 20-30 minutes with 
preparations time, heart rate measurement, and about 10-15 minutes of actual 
exercise on the treadmill. All testing sessions will be conducted on the campus 
of the University of North Dakota. In the exercise test, the children will breath 
through a facemask. My child's expired breath (expired gases) will be analyzed
heart rate in very  young
Anita Tougas 
Department of HPER 
PO. Box 8235 
University of North Dakota 
Grand Forks, ND 58202-
Phone: 777-2992
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by the metabolic cart for oxygen consumption and carbon dioxide production, 
measuring the respiratory gas exchange. All tests will be performed on the 
motorized treadmill.
During the exercise test the investigators will measure my child's oxygen
uptake during 2 minutes of standing rest and continuously throughout the 
exercise test until the testing session is completed. Test will be stopped at any 
time for health reasons or on my request. My child's expired breath will be 
analyzed utilizing SensorMedics Vmax 29 respiratory gas exchange 
instrumentation.
My child's heart rate (HR) will be recorded throughout all exercise 
sessions continuously every five seconds with a "Polar Vantage NV“ (Polar 
Electro, Finland). My child will wear a sensor strap around his/her chest which 
will record my child's heart rate and store it for further computer analysis at the 
conclusion of each graded exercise test.
The results of my child's performance will be made available to me on 
request. I was made aware of some potential problems that may exist after 
exercise testing, such as abnormal blood pressure, fainting, disorders of heart 
beat, etc. I and my child will remain in the laboratory for a period of time 
necessary to fully recover from physical exercise. My child will be monitored 
during his/her recovery prior to leaving the laboratory. No stressful electronic 
instrumentation will be used in this study.
I understand that if my child has a history or presently has a coronary 
heart disease, hypertension, diabetes, or lung disease, he/she will be excluded 
from this study. The project director will question me prior to my testing. All 
records will be held in strict confidence from non-medical personnel (employers 
and insurance agents) unless my consent is obtained. All data will be securely 
stored in the office of Dr. Serge P. von Duvillard for a period of 3 years and 
subsequently destroyed.
Through my child’s involvement in this research project I will have the 
opportunity for indirect participation and close personal study of the methods 
and procedures of pediatric exercise physiology. Increasing my knowledge and 
understanding of my child's physiological factors and underlying mechanisms, 
which determine his/her performance will be of direct benefit to me, pediatric 
exercise science professionals, child sports medicine, athletics, and coaches.
If I do not fully understand the above explanation of the objectives and 
risks involved in this study, I may ask questions until all aspects are clear. I 
understand that the procedure or treatment to be performed is investigational 
and that I may withdraw my child from this study at any time until data collection 
has been completed.
It has been explained to me that neither I or my child will be paid to 
participate in this study, and the only benefit to me and my child will be more 
detailed knowledge of my child's physiological response to exercise. There 
exists the possibility of certain physiological changes occurring during the 
exercise session. These include abnormal blood pressure, fainting, disorders of 
heartbeat, and in rare instances heart attack. Every effort will be made to
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minimize them by rigorous pretest screening questions and continuous 
monitoring by the exercise physiologist during all testing. Emergency on-site 
care will be provided at no cost to me according with the established 
procedures. I will be responsible for any resulting expenses from subsequent 
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